Introduction
============

Our population is aging worldwide, and the proportion of oldest old is rising rapidly. The number of people aged 80 and over in the UK is expected to more than double to six million by 2037.[@b1-prom-9-309] Older people are living longer, either leading to successful healthy aging or living with multimorbidity and/or frailty. More than 80% of older people above 85 years of age have multimorbidity and the mean number of morbidities is 3.62% ± 2.30.[@b2-prom-9-309] 30% of older people \>85 years could have physical--mental health comorbidity.[@b2-prom-9-309]

Even though older people (aged 65 and above) comprise a relatively small proportion of all patients attending emergency departments, they constitute a much higher proportion of overall hospital inpatients.[@b3-prom-9-309],[@b4-prom-9-309] An increasing proportion of acutely unwell older people with atypical presentation and complex needs, compounded by lack of expertise, results in higher conversion rates from the hospital front door to the wards. This, in turn, has resulted in a longer length of stay (LoS), a risk of deconditioning, and an impact of hospitalization.[@b5-prom-9-309]

Geriatricians and general physicians have a key role in the provision of care for very old and frail patients with predominantly physical and mental health disorders.[@b3-prom-9-309] Current policies and guidelines are encouraging health care professionals to help people to age well by providing integrated services.[@b3-prom-9-309] However, clinical outcomes are largely published for individual diseases, and most randomized trials exclude older frail patients with multimorbidity.[@b6-prom-9-309] The units providing acute care to frail older people like acute care for elders,[@b7-prom-9-309] an emergency frailty unit (EFU),[@b3-prom-9-309],[@b8-prom-9-309],[@b9-prom-9-309] or an acute geriatric unit (AGU)[@b4-prom-9-309] have been shown to provide cost-effective high-quality service. In this review, multimorbidity, frailty, the service model, and a wide range of "direct" and "indirect" patient-related outcomes of "at risk" older people admitted to an acute geriatric care unit are explored. In addition to data measurements, a quality improvement (QI) methodology to improve patient care based on the patient-related outcome data is discussed to ensure the effectiveness of our current services and enhance academic research.

Multimorbidity and frailty
==========================

Both multimorbidity and frailty are associated with aging and adverse outcomes. They impact not only on individual quality of life (QoL) but also on the caregiver. Any acute illness or trigger, like a fall, could lead to a hospital admission and rapid decline in function, and therefore, requires early identification and immediate attention. AGU care during the acute phase of older people's illness or injury has proven to improve patient and system-level outcomes.[@b4-prom-9-309] The critical interventions to achieve optimal health outcomes for older people admitted to acute care include the following: 1) a team approach to deliver care either directly in a designated unit for older patients or indirectly using gerontological expertise in a consultancy model; 2) targeted assessment techniques to prevent complications; 3) an increased emphasis on discharge planning; and 4) enhanced communication among care providers across the care continuum.[@b10-prom-9-309] The components tested were based on best practice including patient-centered care, a prepared environment, frequent medical review, early rehabilitation, and early discharge planning. The Royal College of Physicians (UK) published Acute Care Tool Kit 3 in 2012 recommending the role of the right person for the right patient in the right place.[@b11-prom-9-309] The hypothesis was that performing the assessment of older people early on in acute medical units (AMUs) has the potential to improve outcome, reduce inappropriate hospitalization, and reduce the need for long-term care.

Models of AGUs/services
=======================

There are several models of acute geriatric care, which could be based on age, need, or frailty.[@b12-prom-9-309]--[@b14-prom-9-309] Irrespective of the service model, the key principles of acute geriatric care must be aimed at: rooting out age discrimination, provision for Comprehensive Geriatric Assessment (CGA), and streamlining care by breaking down the barrier between medical and social care. There is very good evidence that CGA multidimensional assessment with multiagency assessment and management in older people leads to better patient outcomes.[@b15-prom-9-309] CGA has evidence for reduced readmissions, reduced long-term care, and lower costs.[@b16-prom-9-309] CGA emphasizes integrating QoL, functional status, prognosis, and outcomes with standard medical diagnostic evaluation.[@b17-prom-9-309] Therefore, a typical AGU/EFU team must comprise a geriatrician, a nurse specialist, an occupational specialist, a physiotherapist, a pharmacist, and others as needed. Various existing service models to meet the needs of acute frail older adults have their benefits and disadvantages.

Needs-related models
--------------------

These models operate by identifying a focused population who may benefit from acute geriatric care based on set criteria such as nonspecific symptoms, cognitive and/or functional decline, multiple complex pathologies, and social care needs. This has the disadvantage of a need for expertise to identify the right patients for the right service.[@b13-prom-9-309]

Age-defined models
------------------

Age-defined models seem to be justified in providing acute geriatric care on biological, screening, and pragmatic grounds. However, as age has not been shown as a valid screening tool to identify those who benefit from geriatric care, this model fails on medical grounds. In the UK, the Royal College of Physicians does not support age-discriminated services. On the other hand, units which avoid systematic ageism can create challenges in delivering CGA as the evidence base is for dedicated teams delivering CGA for older people.[@b13-prom-9-309],[@b14-prom-9-309]

Integrated models
-----------------

These models involve geriatrician-led teams and have the advantage of access to a multidisciplinary team (MDT) including therapists. It is thought to be a rational response to the biological nature of aging and the pattern of health and social needs of an aging population. General Internal Medicine training in the UK has incorporated geriatric medicine as part of the curriculum, to improve the competence of generalists for managing older people in the acute hospital setting.[@b13-prom-9-309]

Geriatric liaison services in AMUs
----------------------------------

Integrated services with prompt geriatrician input in AMUs have shown improved patient outcomes.[@b18-prom-9-309] Despite the risk of duplication, coproduction between the AMU and the geriatric liaison teams has resulted in high-quality acute care with safe and timely discharges into the community.[@b13-prom-9-309]

Patient-related outcomes
========================

Outcomes are the differences or changes made through a service or an enhanced activity. Patient-related outcomes should determine wider impact and explore an issue from the service user and stakeholder perspectives but keep the focus on research and QI. Therefore, outcomes should be measured at different levels: patient (direct clinical outcomes); staff; family and carers; and community and organization (indirect clinical outcomes).

Clinical outcomes
-----------------

Routine patient-related clinical outcomes including LoS, 30-day emergency readmission rate (ERR), number of days spent at usual place of residence in the 90 days after discharge, inpatient mortality, 30-day mortality, 90-day mortality, or 1-year mortality, discharge to own home, usual place of residence, or new care home, or institutionalization can be used to benchmark any acute geriatric services and can be compared against the national standard outcomes. Other clinical outcome data at the time of discharge include the need for a type of care package, increased dependency, or mobility at the time of discharge using a validated scale.

However, these clinical outcomes cannot be interpreted without appropriate patient characteristics and descriptive markers. Therefore, it is recommended that when planning clinical outcomes, efforts should be made to define the study population. Routine demographic markers including age, gender, companionship or marital status, residential status like living in flat, house, or a care home, and geographical location are routinely available.

The comorbidity burden can be defined as the number of total comorbidities or can be measured using Charlson's Comorbidity Index.[@b19-prom-9-309] Patients can be described on the basis of their history of chronic cognitive impairment, or dementia, prior to acute admission. It is helpful to describe patients based on a number of drugs or polypharmacy. Similarly, frailty can be measured using Fried's phenotype[@b20-prom-9-309] and the Rockwood deficit model.[@b21-prom-9-309],[@b22-prom-9-309] Frailty can be defined phenotypically based on the presence of three or more frailty indicators: slow walking speed, low grip strength, unintentional weight loss, subjective exhaustion, and low levels of physical activity. Frailty, based on these criteria, was predictive of poor outcome including institutionalization and death. Alternatively, a frailty index (FI) based on the accumulation of deficits with age, including medical, physical, functional, cognitive, and nutritional problems, can be used to define a study population. The FI expresses the proportion of the number of deficits from the total deficits considered in the study population and has been used in acute unwell older patients in an acute geriatric rehabilitation ward.[@b23-prom-9-309] However, pragmatically, patients can also be defined based on the clinical frailty scale (CFS) level prior to admission, as measured by the 9-point CFS which is highly correlated (*r*=0.80) with the FI.[@b24-prom-9-309]

Patients can be described based on their functional performances using basic activities of daily living (ADLs) before admission to the hospital using validated scales, for example the Barthel Activities of Daily Living Index Scale[@b25-prom-9-309],[@b26-prom-9-309] or the instrumental activities of daily living scale.[@b26-prom-9-309],[@b27-prom-9-309] Other parameters to describe patients include the number of hospital admissions in the last 12 months; range of formal or informal carer support; and getting out of the house, for example, on less than or more than three occasions, with or without assistance.

In order to further generalize and compare outcome data from another AGU, older patients should also be described in depth at the time of admission. Various variables that can be measured on admission to an AGU include acute illness severity, as measured by the Modified Early Warning Score;[@b28-prom-9-309] reason for admission; single-organ or multisystem failure; functional decline from baseline or 2 weeks prior to admission; nutritional status; skin breakdown; immobility or falls; and incontinence, presence of delirium, and dementia.

Staff and staffing-related outcomes
-----------------------------------

Considering current service pressures, medical complexity, and frailty, the nursing job is not only physically demanding but also emotionally challenging. Nurses may not be able to complete their work at their personal level of professional satisfaction. The skills and experience of a professional nurse are often poorly rewarded and extra hours spent may not be remunerated. This could lead to work-related stress, low morale, and unhappiness.

Less attention has been given to optimal professional practice, namely nurse education, continuity of care, and quality of the work environment.[@b29-prom-9-309] Inadequate nurse staffing ratios of an AGU can have deleterious effects on patient outcomes. The quality of the nursing practice environment has been associated with nurse recruitment and retention, and nurses reported positive job experiences with a better care environment.[@b29-prom-9-309],[@b30-prom-9-309]

Health care needs of acutely unwell older people require an MDT approach in which team members should have an appropriate skill mix and knowledge about the aging process and associated complications.[@b31-prom-9-309] Regular nursing training is not only essential to provide enhanced care to acute older people but has also shown a significant reduction in stress from their routine workload in managing complex and frail older people.[@b32-prom-9-309] Nursing training and better-educated hospital nurse workforces are associated with lower 30-day patient mortality.[@b29-prom-9-309],[@b33-prom-9-309]

Therefore, it is essential that staff-related outcomes should be measured for comprehensive evaluation of the clinical outcomes of an AGU as there are well-documented associations between staffing and patient-related outcome. Various measurements in combination, including staffing ratios, nurse burnout levels, nurse job dissatisfaction or satisfaction level of the staff, work-related stress, needle-stick injuries, happiness level, nurses' skill mix, sickness rate, recruitment and retention of staff, or gaps in the nursing rota, could be utilized for a comprehensive service evaluation.

Regular staff surveys about their work experience including having a yearly appraisal, satisfaction with the quality of work, discrimination, harassment, or abuse at work, the level of pay, flexible working, and equal opportunities at work can be used to compare various parameters over time.[@b34-prom-9-309]

However, for further research, a validated tool like the Practice Environment Scale of the Nursing Work Index (PES-NWI)[@b35-prom-9-309] can be used to measure the nursing practice environment and its impact on the patient outcome.

Caregiver-related outcomes
--------------------------

Caregivers play an important role to support older people who have difficulties with their routine ADLs.[@b36-prom-9-309] Carers could be formal and paid or informal and unpaid for this role. Carers' perspectives on how well the staff were trained and informed are relevant to providing high-quality care, thus meeting the needs of an acutely unwell older person.

However, caregivers can have a physical, psychological, or emotional impact on their own health due to direct or indirect stress burden, a strain on life, or poor quality of their work--life balance.[@b37-prom-9-309] Caregiving is an independent risk factor for higher mortality among caregivers as compared to noncaregiving controls.[@b38-prom-9-309] In addition, caring for older people is not only challenging, but a heavy caregiver burden is also associated with high all-cause mortality and hospitalization for care recipients in community-dwelling older people. Therefore, reduction of the caregiver burden not only prevents deterioration of the caregiver's own health but also avoids adverse clinical outcomes for older people receiving care.[@b39-prom-9-309]

The caregiver burden is often underrecognized by clinicians and hospital teams. It is recommended that physicians should also be responsible for recognizing and assessing the caregiver burden and interventions should be tailored to the individual circumstances and context to avoid or minimize the caregiver burden.[@b40-prom-9-309] Caregiver outcomes are a type of patient-related outcome and should be included as part of an evaluation of an AGU. The caregiver burden can be measured using validated scales. The original 29-item self-reported Zarit Caregiver Burden Interview (ZBI) scale can be used to measure the subjective burden of an informal carer.[@b41-prom-9-309] The 22-item version of the ZBI is more commonly used in both routine clinical care and research.[@b42-prom-9-309] The 22-item ZBI, each question scored from 0 to 4, gives a score range from 0 to 88: 0--20=little or no burden; 21--40=mild to moderate burden; 41--60=moderate to severe burden; and 61--88=severe burden.[@b42-prom-9-309] 12-item and 4-item versions of the ZBI have also been validated for easier administration of the instrument.[@b43-prom-9-309]

Other scales that can be effective in evaluating the impact of the burden on many aspects of caregivers' lives include the 24-item Caregiver Burden Inventory (CBI)[@b44-prom-9-309] or a shorter 10-item Burden Scale for Family Caregivers.[@b45-prom-9-309]

Patient and community-related outcomes
--------------------------------------

Patients' views are not optional but essential to achieve high-quality care.[@b46-prom-9-309] *High Quality Care for All*,[@b46-prom-9-309] Lord Darzi's 2008 report, stated that the quality of patient care is defined in terms of three criteria: the effectiveness of the care, patient safety, and patient experience. Patient experience and care should be characterized by compassionate and dignified care, and their experience can only be improved by analyzing patient satisfaction with their own experiences.

Therefore, for an AGU to deliver ideal patient-centered care, it is essential to know the elements of compassionate care and their satisfaction. There is a wide variety of patient-related outcomes that can be used to develop an AGU on the basis of what patients care about, their well-being, and their QoL.

Patient-reported outcomes (PROs) are directly reported by the patients, based on their experience, without interpretation of the patient's response by a clinician or anyone else. PROs define the patient's QoL and the impact on their health and functional status following health care treatment.[@b47-prom-9-309] PROs could play a key role to improve patient-centered care by measuring the impact of CGA, which is the cornerstone of an AGU.

In comparison, patient-reported outcome measures (PROMs) are the validated tools or scales to measure PROs and provide categorical (qualitative) or quantitative data. PROMs include a tool to define functional status or health-related QoL, symptoms, or disease-specific burden. PROMs assist in the evaluation of an existing service model or implementation of a new care provider.[@b48-prom-9-309] Generic PROMs including EuroQol EQ-5D[@b49-prom-9-309] and the 36-Item Short-Form Health Survey (SF-36)[@b50-prom-9-309] are designed to be used with most patients but are less sensitive than disease-specific PROMs. Short Form 6-D (SF-6D)[@b51-prom-9-309] is an option.

Patient-reported experience measures (PREMs) are useful tools that are increasingly being used to obtain data on patients' perceptions of their health and experiences while receiving care. PREMs allow management insight into patients' expectations and could be very helpful in redesigning services with the aim of improving quality of care.[@b52-prom-9-309] PROMs are largely used by researchers but are not yet embedded in routine clinical practice to improve quality of care from the patient's perspective.[@b52-prom-9-309],[@b53-prom-9-309] Patients' views should be incorporated into further service improvement and modernization, and current evidence supports that routine use of PROMs improves decision-making between doctors and patients and improves patient care.[@b54-prom-9-309]

Other scales that could be used to measure patient-related outcomes include the Hospital Anxiety and Depression Scale (HADS)[@b55-prom-9-309] and the Geriatric Depression Scale (GDS).[@b56-prom-9-309] The HADS is a validated scale that can be used as a screening tool to complete self-assessment of emotional distress including anxiety and depression. The score can range from 0 to 42, with higher scores indicating more distress which warrants further assessment. The score for each subscale (anxiety and depression) can range from 0 to 21 (normal 0--7, mild 8--10, moderate 11--14, and severe 15--21). Generalized anxiety disorder is common in older people and often underrecognized in the acute setting. It could be helpful to assess the psychological burden of the disease and associated fear or loss of confidence. A short-form GDS consisting of 15 questions can be used for depression, and a score over 5 should prompt further assessment.

Organizational-related outcomes
-------------------------------

Patient-related outcomes have associations with the success of an organization and affect the organization's performance, strategic model, and vision. Therefore, for a complete evaluation of an acute geriatric service model, their relationship with organizational-level outcomes should be measured.

Safe discharge planning and follow-up before discharge from an AGU with adequate involvement of the patient and the carer should be standardized and regularly monitored. The ERR and a reason for admission should be explored. Other outcomes that can be measured at the organizational level include complaints and litigation costs, hospital-acquired infections like *Clostridium difficile*, and pressure sores. Other adverse impacts of hospitalization include inpatient falls, as a higher falls rate has been reported from those with dementia.[@b57-prom-9-309],[@b58-prom-9-309] The standardized incidence of the inpatient falls rate should be measured as the number of inpatient falls/1000 occupied bed days.[@b59-prom-9-309] The impact of inpatient falls including inpatient hip fracture, discharge to a new care home, and mortality should be reported at an organizational level, ensuring standardized benchmark care of an AGU.

Often patients are deemed fit for hospital discharge by the MDT but the "medical fit" date could be earlier or later than actual discharge. Delayed discharges from an acute unit could increase the demand on acute geriatric services; therefore, exploring factors leading to a delayed transfer of care to the community should be regularly measured and compared within an organization. Screening of delirium, appropriate treatment, and communication of the diagnosis to community physicians should be consistently monitored at an organizational level. One-quarter of patients admitted to an AGU could have underlying dementia. Therefore, an appropriate dementia care plan and staff training could be recorded at the organizational level.[@b60-prom-9-309]

Patients admitted to an AGU undergo CGA which has proven improved clinical outcomes including discharge to their usual place of residence. A low rate of unplanned general practice (GP) consultations could be another organizational measure of excellence in service delivery. Access to social workers and intermediate care services for an AGU often helps early discharge from an acute unit and this should be monitored at an organizational level. A high carer burden is associated with adverse clinical outcomes; therefore, strategies and plans for carer assessment and engagement should also be analyzed at the organizational level.[@b61-prom-9-309]

Data and measurements
=====================

This review introduces a brief guide to medical statistics. It provides an opportunity to understand, describe, summarize, and benchmark patient-related outcome data from an AGU in order to look for areas of improvement. Measurement plays a key role in all improvement efforts. Measurement is not just about creating charts, it is about understanding our services and systems. Measurement uses data and the purpose of such measures should be to understand processes to improve patient outcomes rather than just merely judging service outcomes. For detailed statistical analysis and tests, an appropriate statistical textbook or expert advice is recommended.

Describing and summarizing data
-------------------------------

Any information, facts, or numbers that are collected to be examined, gaining information, and used to help decision-making is known as data. The aim should be to have benchmark baseline data and compare against those benchmark standards. Data should be presented in such a way that they do not lose their evidence and content. The best approach is to present data in terms of timeline series so that data do not mislead the user.[@b62-prom-9-309]--[@b65-prom-9-309]

It is often impossible to describe the whole population, therefore a study sample for a service over a predefined time period should be used to describe population and benchmark service outcomes. Therefore, ensure that the study design includes a good subset of the population which is a close representation of the population sample to draw inferences, although it may not be most accurate to show all the characteristics of the population that a service covers. Statistics is the science of collecting, analyzing, interpreting, and presenting data through epidemiological studies and clinical or laboratory research trials. Statistics allow us to describe and summarize data by doing appropriate analysis and extrapolate from sample data to the whole population to draw valid and accurate inferences.[@b62-prom-9-309]--[@b65-prom-9-309] Types of data. Broadly, there are two types of data: categorical (qualitative) data and quantitative data. Categorical (qualitative) data include binary data (eg, yes or no, dead or alive); nominal (eg, home, care home); or ordinal (eg, mild, moderate, or severe frailty). Quantitative data include continuous data (eg, weight, body mass index, and FI) or discrete data (eg, number of inpatient falls, CFS). However, based on how data have been collected, it is sometimes possible for the same variable to present as categorical and quantitative data. Data can be cleaned to give meaningful results, for example pain could have been recorded as ordinal (mild, moderate, and severe) or discrete (eg, pain scale).[@b62-prom-9-309]--[@b65-prom-9-309]Distribution of data. The distribution of a variable or statistical data is a mean of describing the range of data, listing all the possible unique values of the data and the relative occurrence of each value that a variable represents in the dataset. Qualitative data are often represented using pie or bar charts. Continuous variables would be best grouped into bands and viewed in a histogram to show the relative frequency distribution, and the cumulative frequency will be 100% or 1. A histogram is also part of a normal distribution but can have several shapes: left or right-skewed distribution or implausible distribution. In comparison, categorical variables are best represented by a bar chart where data are shown as vertical blocks with the *X* axis showing a type of data and the *Y* axis representing a value for respective data. For example, place of residence before admission is best represented using a bar chart.[@b62-prom-9-309]--[@b65-prom-9-309]Spread of data. The spread of data, also known as a measure of dispersion, is used to describe the variability within a sample in conjunction with a central tendency such as the mean or median, to provide an overall description of the dataset. A normal distribution curve is a bell-shaped frequency distribution curve with a narrow variance where most data values are clustered around a central location (often mean) and is most representative of the sample. The mean is the average value in the dataset; the median is the value in the middle of the dataset in numerical ascending or descending order, whereas the mode is the most often occurring value in the dataset. An outlier is an observation which does not appear to belong to the data and could be incorrect data, but can be true but when cleaning data; be careful of outliers. For example, LoS is often represented as the mean but the median could be a better measure as it will not skew the data and outliers will be excluded naturally.[@b62-prom-9-309]--[@b65-prom-9-309]Other measures of spread include the range (minimum to maximum values), quartiles (top 25%=Q1 and bottom 25%=Q3) and the interquartile range (middle 50%=Q3--Q1), variance (square of the variance of all the mean values), standard deviation (average deviance from the mean=square root of the variance), and standard error (a measure of the dispersion of the sample mean values around the population mean). A box and whisker graph is a simple way of representing a measure of dispersion on a plot in which a column is drawn to represent the interquartile range, and a vertical line inside the column represents the median value. Upper and lower quartiles are shown as horizontal lines on either side of the column.[@b62-prom-9-309]--[@b65-prom-9-309]Comparison of data. Probability is defined as the extent to which an event is likely to happen and is measured as a ratio of the possible number of times an event can occur to the whole number of all events. The degree of chance is between 0 (never occurs) and 1 (always occurs), and the sum of the probabilities of all possible events is 1. The best possible estimate is to insist on a high probability like 0.95, meaning 95% probability (clinical significance to give us the *P*-value). The confidence interval (CI) most commonly is 95% (point estimate between lower CI and upper CI). A good understanding of the right statistical test is needed when analyzing the data based on the type of data, paired and unpaired groups, and sample and a statistician's opinion is recommended.[@b62-prom-9-309]--[@b66-prom-9-309]

Presentation of data
--------------------

Presentation of data refers to the organization of data into text, tables, or graphs so that true logical information and statistical conclusions can be easily understood and communicated efficiently from the collected measurements. A graph is a very effective visual tool as it displays data at a glance and facilitates comparison. For example, scatter graphs can be used to compare two sets of data where one set of data is put on the horizontal (*X*) axis and the other on the vertical (*Y*) axis.

Data can be presented as static data (snapshot at a particular time) or dynamic data (data over time). Static data can be difficult to interpret and could be judgmental whereas dynamic data tell the real-time story and effects of change can be easily interpreted. Therefore, for service improvement, graphs can also reveal trends and relationships within the data to demonstrate whether changes resulting in an improvement over time should be used.[@b67-prom-9-309]

Run charts and control charts[@b68-prom-9-309] have been recommended for QI research. A run chart is a line graph where data are plotted over time against the median to understand the trends in the process and is an important tool for assessing the effectiveness of the change. Run charts are useful for tracking information and predicting trends or patterns. Run charts do not use upper and lower control limits. In comparison, a control chart, also known as a Shewhart control chart, is a statistical process control tool used to study how a process changes over time. Once sufficient data have been entered, a mean, an upper line for the upper control limit, and a lower line for the lower control limit are calculated. Control charts are used to analyze and understand process variables and monitor the effects of change on performance and outcomes. Control charts are more sensitive than run charts and predict process behavior more accurately by detecting common cause (stable process) and special cause (unstable process) variation.

Applying QI methodology to improve patient care
===============================================

Although having benchmark standard outcome data is an achievement, generating better QI outcome data with time is the gold standard. Therefore, prepare baseline data, understand gaps in care, and think of change and which area needs immediate attention based on a QI collaborative methodology.

QI
--

Prudent health care principles set out by the Bevan Commission[@b69-prom-9-309] suggest that "public and professionals are equal partners through co-production", "care for those with the greatest health need first", "do only what is needed", and "reduce inappropriate variation".

The Transtheoretical Model
--------------------------

The Transtheoretical Model[@b70-prom-9-309],[@b71-prom-9-309] is widely used by professionals around the world for QI work. It is based on five stages of change to integrate the most powerful principles and processes of change.[@b70-prom-9-309],[@b71-prom-9-309] This is often a key step to map team members and existing resources when planning to improve existing clinical outcomes and bring change. The pre-contemplation stage is where team members are uninformed, faced unsuccessful attempts previously, do not intend to take action in the near future, are unmotivated, or are not ready to help.Contemplation is the stage in which people intend to change in the near future. They are more aware of the benefits of change but not ready to act immediately although getting ready for a change.Preparation is the stage in which people have participated in improvement work and intend to take action in the immediate future. These team members are ready, so should be actively invited for service improvement.Action is the stage where team members have taken sufficient action in the past and adopted new practice but goals are not fully achieved, and with extra support the service could observe marked improvement.Maintenance is the final stage where specific change has already happened and new healthier processes have been put into practice. Often, individuals recycle through the stages or regress to earlier stages from later ones. But stakeholder involvement, standardized policy, and wider awareness help to sustain the overall QI initiatives.

Process mapping
---------------

Process mapping is the central component of QI initiatives, and before implementing improvement work it is essential to understand various steps involved in any process completely and accurately.[@b72-prom-9-309],[@b73-prom-9-309] Process mapping is used to capture all the steps and draw a sequential flow diagram involved in solving the problem or improving any particular adverse clinical outcome. While doing process mapping, get the team perspective, follow a patient or a situation, and look at and capture what really happens rather than what should happen. It is important to consider carefully the type of process mapping in the QI work, and it has been suggested to consider more than one map to ensure that different aspects of the process are captured.[@b74-prom-9-309] The different process mapping measures include a "Pareto chart", "fishbone mapping", or the 5 Whys model.

For example, a Pareto chart is a type of bar chart in which all the factors that contribute to an overall effect are arranged in decreasing order according to the magnitude of their effect. The factor or factors with the highest impact warrant the most attention and help the team to concentrate and focus on a particular area.

Another way to complete process mapping is by using a fishbone diagram. This is also known as cause and effect analysis to identify causes of a problem, possible root cause analysis. For example, this could be used to identify a high inpatient falls rate in an AGU. Similarly, root cause analysis can also be done by repeatedly asking the question "Why" (often five times is considered a good rule of thumb), which can lead to the root cause of a problem.

Driver diagram
--------------

A driver diagram is often used to plan an improvement project. It is a diagrammatic illustration of a theory of change and outline strategies for various aspects of QI work in a systematic manner. In other words, a driver diagram is a visual strategy to tackle a complex problem. A driver diagram is just a representation of your QI strategies and may change with time.[@b75-prom-9-309]

A driver diagram has a measurable aim that needs to be achieved to improve an outcome measure, for example reducing the ERR for an AGU by 20%. The next part is primary drivers, which are the key areas that are needed in order to achieve an aim. So, capture key areas that will identify process measures and influence the aim. For example, two primary drivers to achieve aim could be a follow-up review within 4 weeks and 100% compliance with the discharge summary within 24 h of discharge from an AGU. Each primary driver could have a few secondary drivers which influence the primary driver.

Secondary drivers help to identify relevant change ideas, which can be tested in order to make a measurable change in the aim. For example, changes to be tested could be a new tick box on a discharge summary as a reminder to book a follow-up clinic in 4 weeks. The key part of a driver diagram is to identify which change would have maximum impact on the aim and then which would be easiest to introduce.[@b75-prom-9-309]

Models of improvement
---------------------

There are various QI methodologies practiced widely in health care including Six Sigma,[@b76-prom-9-309],[@b77-prom-9-309] Lean,[@b77-prom-9-309] Health care Failure Modes and Effects Analysis (HFMEA),[@b78-prom-9-309] and Plan--Do--Study--Act (PDSA) cycles.[@b79-prom-9-309],[@b80-prom-9-309] PDSA is one of the commonly used models in health care to test an idea by testing a change on a very small scale or a specific population and measures its impact. It is very outcome focused and is based on the learning from previous cycles in a systematic way before implementing change on a wider scale.

PDSA methodology includes the following three key questions to answer before testing an improvement concept and a process for testing change ideas:[@b79-prom-9-309].[@b80-prom-9-309] What are we trying to accomplish? (What is the aim?)How will we know if the change is an improvement? (What measures of success will we use?)What changes can we make that will result in improvement? (The change concepts to be tested.)The PDSA cycle has the following four stages: Plan -- the change to be tested or implemented.Do -- carry out the test or change.Study -- based on the measurable outcomes agreed upon before starting out, collect data before and after the change and reflect on the impact of the change and what was learned.Act -- plan the next change cycle or full implementation.It is always advisable to plan multiple cycles to test ideas and to test on a small scale. The idea should be implemented when most tests have been confidently completed and the best way of achieving the change has been agreed.

Measurements
------------

Measurement for improvement provides feedback that changes are having an impact toward achieving the project aim (outcome), learns from PDSA cycles (process), and assesses whether the system as a whole is improving (balancing). Measurements also help us to understand a system, quality of care, reliability of processes, demand, and capacity. Measurement helps us to use data to complete service evaluation of existing and new services to focus on improvement and benchmark patient-related outcome. It is recommended not to use any improvement data to judge performances of other services. For example, comparing the inpatient falls rate of the unit against another unit and accountability for performance is not encouraged.

Applying QI to improve patient care
-----------------------------------

Quality initiatives based on the PDSA model of improvement have been employed and implemented in various services and have shown significant improvement in patient-related clinical outcomes.[@b81-prom-9-309]--[@b85-prom-9-309] A higher inpatient falls rate was observed in a hospital with 100% single rooms with en-suite facilities. A geriatrician-led, systematic nurse-training program on the understanding and correct use of an existing multifactorial falls risk assessment tool was developed using a PDSA methodology.[@b82-prom-9-309] The initial quality initiatives were aimed to raise awareness of nursing on routine ward rounds, daily board rounds, or nurse handovers.[@b82-prom-9-309] These initial quality initiatives did not show any improvement which led to the introduction of registrar-led nurse teaching which was later changed to systematic and structured consultant-led nurse training and was implemented in April 2013.[@b82-prom-9-309] These interventions achieved 58% reduction in inpatient falls in the pilot ward. Therefore, the quality initiatives were spread to the whole hospital which showed a significant reduction of inpatient falls by 34%.[@b82-prom-9-309] The subsequent evaluations of these quality initiatives have not only shown annual cost saving,[@b82-prom-9-309] reduction in the number of bed days,[@b82-prom-9-309] and reduction in hip fracture[@b83-prom-9-309] but also a significant reduction in 6-month and 1-year mortality.[@b83-prom-9-309]

Multidisciplinary geriatric team members are managing very complex and frail patients with multiple conditions which bring new challenges. For example, in patients with Parkinsonism (PwP), osteoporosis is often underrecognized and undertreated. Considering the complex nature of Parkinsonism and human factors, quality initiatives were employed to measure the extent of undiagnosed and untreated osteoporosis. The study confirmed a high prevalence of fragility fractures of 22.6% in patients attending a Movement Disorder clinic.[@b84-prom-9-309] Only 40% of PwP received evidence-based treatment for the underlying osteoporosis. QI work was undertaken by two consultant geriatricians, and case-based discussion (CBD) to assess falls and bone health for each patient with Parkinsonism with osteoporosis on a weekly basis was introduced.[@b85-prom-9-309] Lessons were learnt and CBD was later developed into a monthly multidisciplinary meeting using PDSA methodology to include a physiotherapist and a Parkinson's Disease Nurse Specialist. The results showed that following the introduction of quality initiatives, 91% of PwP were treated according to guidance: a 56% increase.[@b85-prom-9-309] The improvement work was also spread to the community to ensure that all patients receive evidence-based treatment on an all-inclusive approach to reduce inappropriate variation and promoting partnership working with GP.[@b86-prom-9-309] All patients who were deemed to be on inappropriate drugs, untreated, or at treatment failure were discussed in the consultant-led CBD with the general practitioner and practice staff virtually. The study concluded that one-third of patients with osteoporosis in a GP were not treated to guidance. As part of QI, evidence-based treatment was initiated, suggesting an overall improvement of 75%.[@b86-prom-9-309]

Discussion
==========

Research is not just for researchers, every member of the team can do it. However, in clinical practice, most staff members appreciate research but it is very challenging for researchers to rely on clinical staff members to identify or recruit subjects.[@b87-prom-9-309] Effective risk management is an essential part of most clinical consultations and benchmarking patient-related outcomes for an acute geriatric services highlights relative risks and benefits, thus improving the exchange of information between clinical teams and patients/carers.

Clinical research should be a part of routine clinical practice and clinical outcomes should be regularly monitored to ensure continuous service improvement by employing QI methodology. Clinical teams should be encouraged to ask good QI research questions and think critically about the answers. Teams would need to be relevant and fit for purpose clinical outcomes to measure improvement. The following three golden rules to measure clinical outcomes should be followed: ask or answer the right questions; focus on high-quality relevant data; and be systematic with communication.

QI teams can also test the alternatives through remodeling of care and service modernization. Rapid PDSA cycles facilitate new experience and learning, thus enabling testing a change and deeper understanding of the barriers for improvement. Small changes could lead to improved patient care and attract wider team and stakeholder engagement. Hence, evaluation of clinical outcome data demonstrates evidence of effective and efficient service changes rather than a mere opinion from service providers. There is a dearth of a wide range of patient-related clinical outcomes for AGUs, and most acute units have reported discharge to the usual place of residence or LoS which have shown similar results. Further research has been recommended to embed QI research in complex, multidisciplinary care for acute older patients.

Achieving change within our complex health care system is challenging and time-consuming. QI research is a team sport, and engagement of the whole team generates new ideas for change and allows teams to not only test new ways of working but also create ownership of the change. Engagement with a wider team and actively seeking out those who need to be involved at both an operational level and a strategic level is also needed to test new ideas to drive improvement. Every team member from the health care support worker, to senior nurses and consultant colleagues, through to managers, executives, improvement advisors, and even statisticians, and also the patients themselves should be valued as an individual and for their contribution to improving services. Therefore, key elements to lead QI research are a willingness to take an appropriate risk to seek new innovative ideas, working collaboratively toward a shared vision, and developing trusted relationships with high morale.

This review article has several strengths. We have explored a wide range of clinical outcomes from a patient, carer, stakeholder, and organizational level. We have discussed pragmatic ways to measure and improve these outcomes. Various service models and current evidence on CGA are not explored. We also acknowledge the lack of in-depth discussion on frailty and multimorbidities and ways to delay frailty as limitations of this review.

The key to the success of such a coproduction is to understand the purpose of the service and roles of the stakeholders, which is dependent on the needs of the establishment based on comprehensive patient-related outcomes. So, it is important to select and establish a suitable model of acute geriatric care agreed on local criteria and allocate resources to complete the outcomes and apply QI research methodology, as explored in this review.

Conclusion
==========

A wide range of direct and indirect patient-related clinical outcomes have been reported in the literature and teams are encouraged to select and incorporate best-suited measures for their service delivery and development. We recommend regular monitoring and evaluation of clinical outcome data to benchmark services for acute older people. We also recommend the use of standardized and validated tools to measure indirect clinical outcomes including the caregiver burden and organizational-related outcomes. Clinical outcomes and dynamic data over time should be used to monitor the impact of QI initiatives on patient care. The methodology used to measure outcomes and QI initiatives should be shared and widely published. Clinical teams are encouraged to develop links with local research and development teams and work in collaboration with a university to build a research team, offering clinical research to the patients.
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